While chrysotile has been commonly used by Chinese textile industry for many years, investigations on the association of chrysotile exposure with risk of mesothelioma in China are scarce. We conducted a case-control study in a county located at Southeastern China, including 46 cases and 230 individually matched controls. A semi-quantitative method based on experts' assessment was used for evaluating hand-spinning chrysotile exposure. Conditional logistic regression models were used to assess the association of asbestos exposure with risk of mesothelioma. We found that hand-spinning chrysotile exposure was associated with significantly elevated risk of mesothelioma, reaching OR 510 (95% CIs: 1.4-65) for possible exposure and 64 (12-328) for definite exposure. Our data suggested a dose-response relationship of chrysotile exposure duration with risk of mesothelioma, reaching 28 (6-134) for <6 years, 51 (11-247) for 7-17 years and 56 (9-351) for 18 years. A dose-response relationship of cumulative exposure index (CEI) with risk of mesothelioma was found, reaching 28 (6-137) for CEI at 0-0.5 fibers per milliliter years (f/mL-year), 36 (7-184) for CEI at 0.5-28.6 f/mL-years and 79 (14-451) for CEI > 28.6 f/mL-years. We found a dose-response relationship of chrysotile exposure duration and CEI with risk of mesothelioma in Southeastern China, adding valuable information on health hazards of chrysotile exposure in China where chrysotile is still used nationwide.
According to the estimation from the World Health Organization, 125 million people worldwide were exposed to occupational asbestos; 107 thousand people die each year from asbestosis, lung cancer and mesothelioma. 6 The estimated crude incidence rates of mesothelioma varied from 0.6 to 30 per million across the globe. 7 Global crude and ageadjusted mortality rates of mesothelioma were 6.2 and 4.9 cases per million population, respectively. 8 In Quebec, Canada, where chrysotile is produced, the ageadjusted incidence rates for men were estimated to peak at 2.7 cases per 100,000 person-years between 2008 and 2012. 9 As reported previously, three cases of mesothelioma were found among a cohort of 3,072 workers in a chrysotile textile plant, 10 while 2.5-fold elevated risk of mesothelioma was found in workers servicing in the central area of chrysotile mines. 11 Previous studies 10, 12 showed that exposure to pure chrysotile could cause mesothelioma. China is the top asbestos consumer and the second largest producer of asbestos in the world, and the majority of asbestos used in China is chrysotile. 13 Although nationwide data on mesothelioma in China are scarce due to the lack of a nationwide mesothelioma register, a number of epidemiological investigations on mesothelioma have been reported. For instance, estimated incidence of mesothelioma between 2008 and 2012 is 1.5 cases per million in China. 14 year cumulative deaths during 1994-2008 in China were only 5,107, however, this estimation is likely under-reported. 15 The age-standardized death rate was 0.8 per million people, which may be biased as the estimation is subject to poor registration procedure of mesothelioma in China. 16 Additionally, investigations from local have been reported. For instance, according to a cohort on chrysotile textile workers in China, the age-standardized mortality rate of mesothelioma was 33-fold elevated in male workers, and 167-fold elevated in female workers, compared to the general population. 17 However, the relative risks were based on only three observed cases.
To the best of our knowledge, the association of chrysotile with risk of mesothelioma remains unclear in China, as there is a lack of conclusive evidences. 18, 19 Recently, a number of mesothelioma cases from local hospitals have been reported in a county located at Southeastern China. 20 Notably, the majority among those cases were engaged in asbestos textile industry (mainly using hand-spinning chrysotile), suggesting an urgent need to investigate the association of chrysotile exposure with risk of mesothelioma. Thus, we aimed at investigating the association of chrysotile exposure with risk of mesothelioma in China.
Material and Methods

Study location and sampling approach
This study was conducted in a county (with 1,501 square kilometers) located at Southeastern China. According to the data from local Statistical Yearbook, 21 Chemical components of raw asbestos materials from asbestos plants in these areas were analyzed in previous reports, [23] [24] [25] [26] indicating that the contamination of tremolite was estimated to be <0.3%. 20 We randomly sampled raw asbestos materials from 18 asbestos textile plants during 1980s-2010s, and analyzed chemical components using X-ray diffraction method. The results showed that the raw materials were chrysotile mixed with impurities such as calcium oxide, magnesium oxide (MgO), magnesium hydroxide (MgOH 2 ),
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calcite, silicon dioxide (SiO 2 ), talc and calcium silicate, while no amosite or crocidolite was found in these raw materials. According to our survey conducted in this county during 2014-2015 using stratified random sampling (unpublished data), the prevalence rate of occupational asbestos exposure was 54.6% (553/1013). For asbestos processing pattern, asbestos hand-spinning either at plants or at home has been available in this county since 1960s. There were >200 registered asbestos processing plants, and thousands of hand-spinning sites at home in 1985 in this county (unpublished data from our group). The majority of workers occupationally exposed to asbestos were women, which was likely due to the special operation pattern (hand-spinning) of asbestos processing in Southeastern China. 27 We analyzed the mass concentrations of airborne asbestos in samples from 49 workplaces of hand-spinning asbestos at plants and from 12 workplaces of hand-spinning asbestos at home during the years 1987-2011, using weighting method. The sample flow rate was set as 2 L/min; sampling duration was 15-20 min. We used specific formula recommended by the other Chinese group 28 to transform mass concentrations into fiber number concentrations.
Mesothelioma mortality rates in this county were calculated using below information. Mesothelioma cases over the study period (1998-2011) were identified through death certification database, with separate information on pleural mesothelioma and peritoneal mesothelioma; population data for the county were retrieved from local yearbooks.
Selection of cases and controls
We used a case-control study design to assess the association of asbestos exposure with the risk of malignant mesothelioma. Cases were diagnosed during 1998-2011 at the largest hospital in the aforementioned county, considering their main diagnosis. According to the consensus on the guidelines for pathologic diagnosis of malignant mesothelioma from the International Mesothelioma Interest Group, 29 cases were diagnosed by at least two independent pathologists; pathologic examination and immunohistochemistry test were used for the confirmation. Immunohistochemical staining would be further performed when hematoxylin and eosin (HE) staining suggested of suspicious mesothelioma; details on the immunohistochemical indexes for differential diagnosis were described elsewhere (Supporting Information Table 1 ). Histopathological findings of typical cases are presented in Figures  1 and 2 . The exclusion criteria for cases were described as follows: (i) patients or their first-degree relatives could not be reached; (ii) patients or their first-degree relatives were not willing to participate in the questionnaire survey; (iii) matched controls could not be identified. According to the aforementioned exclusion criteria, eight cases were excluded because their first-degree relatives could not be reached by either field survey or telephone interview. None of patients was excluded due to lacking of matching controls.
Controls were all alive and individually matched to each case with a ratio of 5:1. According to the local register for residents in Southeastern China, controls were randomly selected from those who lived in the same village as cases did, using date of birth (within 5 years of difference between case and controls) and gender as matching factors. Additionally, neither malignant tumor nor other asbestos-related diseases (e.g., asbestosis, pleural plaque and lung cancer) should be diagnosed for the controls. The number of eligible but excluded controls with asbestosis was 10, while the number of controls with pleural plaque was 31. No individual with lung cancer or other kinds of malignant tumor was selected as controls. Finally, after exclusions 46 cases and 230 controls were used for further analysis.
Asbestos exposure assessment
A face-to-face interview was carried out following a structural questionnaire, including personal information, lifetime occupational history, beginning and ending dates of each job, medical history and family history of any diseases. All investigators were trained according to a pre-designed study scheme. For the patients who died before the beginning of our study, their relatives would be subsequently selected to finish the questionnaires according to the closeness of those relatives, i.e., spouses, children, parents and other relatives living together.
Two independent experts in the field of industrial hygiene assessed asbestos exposure. The detailed procedures were described as follows: (i) occupations of all subjects were classified according to the International Standard Classification of Occupations codes 30 ; industrial activities of all subjects were classified according to the International Standard Industrial Classification (ISIC) codes for all economic activities 31 ; (ii) job periods for all individuals were sorted according to ISIC codes and ISCO codes 32 ; (iii) according to the likelihood of asbestos exposure for job titles, job periods were selected for further review; job periods with self-reported exposure were also included; (iv) two experts independently assessed the exposure probability according to the data on fiber number concentration measurements and to their own expertise and after discussion, achieved final consensus for different opinions. Therefore, the knowledge and experience of the two experts dictated which job would undergo quantitative assessment procedure. Occupational asbestos exposure was assessed for all periods selected in step 3. Informal help during individual's childhoods to their working mothers was considered as occupational exposure.
A set of parameters including probability, intensity, frequency and cumulative exposure index (CEI) were adopted for asbestos exposure assessment. 33 The parameters of probability, intensity and frequency were further transformed into likelihood, estimated concentrations and percent of work time with asbestos exposure, respectively. 32,34 CEI, expressed as "fibers per milliliter years (f/mL-years)", was a semiquantitative index calculated by the sum of the products of probability, frequency, intensity and duration of each job exposure. 35 Additionally, the duration of jobs with asbestos exposure were also calculated. 36, 37 Weights for each category of those parameters were assigned using the approach proposed by others. 33 Probability: not exposed 5 0, possible 5 0.5 and definite 5 1; frequency: not exposed 5 0, sporadic 5 0.025 and continuous 5 0.75; intensity: not exposed 5 0, low 5 0.1 fiber/mL and high 5 1 fiber/mL. Non-occupational exposure was not considered due to the absence of detailed and precise information on relatives of the subjects. 38 
Statistical analysis
Qualitative data are presented as frequency and proportion distributions. Quantitative data with normal distribution are presented as ( x6s e ), while data with non-normal distribution are presented as median (25th percentile to 75th percentile). In order to assess the dose-response relationship, probability, frequency and intensity were further categorized by predefined percentile points. Conditional logistic regression models using odds ratios (ORs) and 95% confidence intervals (CIs) were adopted to assess the association of asbestos exposure with risk of mesothelioma. Regression coefficients were calculated by maximum likelihood estimates; v 2 statistic was used for the test of regression coefficients. Two-side p < 0.05 was considered as statistically significant. SPSS statistical software (version 17.0) was used for statistical analyses. The current study was conducted in accordance with the Declaration of Helsinki, and was approved by Ethics Committee of Zhejiang Academy of Medical Sciences, China. All subjects provided informed consent and agreed to participate in this study.
Results
Basic characteristics
Eventually 46 mesothelioma cases diagnosed during 1998-2011 were included for further analysis and among them, 41 cases diagnosed before 2009 were retrospectively selected, while five cases were newly diagnosed. All the cases enrolled in this study were diagnosed with primary site mesothelioma. Overall, 27 cases (59%) were pleural mesothelioma and the rest was peritoneal mesothelioma; women consisted of the majority (83%). Among 19 peritoneal mesothelioma cases, 18 cases were women, and 11 cases were treated in gynecological department of this hospital. 39 Mean age at diagnosis was 56 [(standard deviation (SD) 5 11)] years with a range of 39-80 years. Mean latency time between first exposure and diagnosis of mesothelioma was 34 (SD 5 7) years with a range of 21-50 years.
Basic characteristics of case and control groups are presented in Table 1 . Cases had a significantly higher proportion for the occupation of manufacturing, compared to the control group (85% vs. 49%), while a significantly lower proportion for the occupation of combined agriculture, forestry and fishing was found for cases, compared to the control group (4% vs. 20%). For other basic characteristics, we did not find any significant difference between case and control groups.
Asbestos exposure
The estimated median number concentration of asbestos reached 8.0 (2.9-13.2) fibers per milliliter (f/mL) for handspinning at plants and 0.6 (0.2-1.0) f/mL for hand-spinning at home (Table 2) . A total of 36 cases had definite asbestos exposure and among them, 17 cases were from hand-spinning C weight : 8-hr TWA for mass concentration, C fiber : 8-hr TWA for fiber concentration; for carding processing, the transformation formula is C fiber 5 1.124 1 0.6367 3 C weight ; for twisting processing, the formula is C fiber 5 20.6001 1 1.2026 3 C weight ; for roping processing, the formula is C fiber 5 0.025 1 0.9621 3 C weight ; for ginning processing, the transformation formula is C fiber 5 2.552 1 0.8856 3 C weight ; for weaving processing, the formula is C fiber 5 0.1607 1 0.3596 3 C weight ; the permissible exposure limit (PEL) of airborne concentrations of asbestos dust is 0.1 f/mL based on an 8-hr time-weighted average (8-hr TWA), according to the US Occupational Safety and Health Administration (OSHA). Table 3 . Mortality rates of mesothelioma in the studying county from 1998 to 2011 The proportion of cases included in the study among all cases with microscopical confirmation of diagnosis. 2 Overlapped cases between cases in the case-control study and cases in the death certificates database; there was no overlapped case of peritoneal mesothelioma between cases in the casecontrol study and cases in the death certificates database.
Variables
Cancer Epidemiology
at plants [working 10 (10-11) hr per day], and 19 cases were from hand-spinning at home [working 8 (7-10) hr per day]. The median age of exposure starting was 20.5 (17-25) for hand-spinning at plants, and 20 (17-25) for hand-spinning at home. While five cases did not have asbestos exposure, another five cases had possible asbestos exposure, but did not directly engage in hand-spinning at plants. For instance, one case worked as a mold worker for 22 years in a cement pipe factory, while the rest four cases did not have definite asbestos exposure (two cases as carpentry, one case as a driver in a construction factory and one case in a small brick and tile factory). Nearly 33% of controls moved from unexposed agricultural work to exposed jobs in asbestos textile production during 1963-1986.
Mesothelioma mortality
Overall, 76 cases of mesothelioma were identified in the county during 1998-2011, where 30 cases were identified from local data certificates database. Peritoneal mesothelioma consisted of 50.0%. Mesothelioma mortality rate in the county was 1.2 per million in 1998, and remained stable until 2003; afterwards it increased remarkably and reached peak in 2007 (with 21.7 per million). Detailed information on mortality data, proportions with microscopically confirmation and overlapped cases are shown in Table 3 , stratified by gender, site and calendar period.
Association of occupational chrysotile exposure with risk of mesothelioma
We found that the variables of highest probability of exposure, highest intensity of exposure and highest frequency of exposure were associated with increased risk of mesothelioma (Table 4) . For instance, the risk was remarkably elevated for cases with definite exposure (OR 5 64, 95% CI 5 12-328), high intensity of exposure (OR 5 49, 95% CI 5 11-225) and continuous exposure (OR 5 53, 95% CI 5 11-263). Interestingly, a doseresponse relationship was found for the duration of asbestosexposed job with risk of mesothelioma, reaching 28 (95% CI: 6-134) for <6 years, 51 (11-247) for 7-17 years and 56 (9-351) for 18 years (Table 4) . We found a dose-response relationship of CEI with risk of mesothelioma (Table 4) , reaching 28 (6-137) for CEI at 0-0.5 f/mL-years, 36 (7-184) for CEI at 0.5-29 f/mL-years and 79 (14-451) for CEI >29 f/mL-years.
Discussion
We found a dose-response relationship between probability, intensity, and frequency of exposure, exposure duration and risk of mesothelioma, consistent with previous study 40 ; we also observed a dose-response relationship between CEI and risk of mesothelioma, in line with other studies. 35, 41 Taken (17) 11 (24) 56 (8.8-351) CEI ("f/mL-years") >0-0.5 25 (11) 12 (26) 28 (5.9-137)
>0.5-29
36 (16) 13 (28) 36 (7.1-184)
>29
32 (14) 16 (35) 79 Rounding off for numbers above 10. OR: odds ratio matched for age, gender and region; CI: confidence interval; "f/mL-years": fibers per milliliter years, based on the assessment of experts' subjectivity. 1 Probability: possible (a minority of the subjects in this job are exposed), and definite (nearly all subjects having this job are exposed). Frequency: sporadic (<5% of work time), irregular (5-50% of work time) and continuous (>50% of work time). Intensity: low (<1 fiber/mL), and high (1-10 fibers/mL). According to the exclusion criteria, eight eligible cases were excluded because their first-degree relatives could not be reached. The number of eligible but excluded controls with asbestosis was 10, while the number of controls with pleural plaques was 31. None case of lung cancer or other kind of malignant tumor was selected as controls.
together, our findings suggest that chrysotile exposure is the main cause of mesothelioma in Southeast China. We found that the majority (89%) of cases had asbestos exposure (Table 4) , which is in line with previous studies 42 and indicates that asbestos was the main cause of mesothelioma in southeastern China. Notably, 40% controls were exposed to asbestos in our study, consistent with previous reports. 43 Although chrysotile (hand-spinning either at plants or at home) has been widely used in Southeastern China since 1950s, 22 the main reason for high proportion of asbestos exposure in controls might be attributed to the change of occupations over past decades. Actually, in our study some farmers were selected as controls, e.g., 33% of farmers changed their jobs to asbestos exposed jobs during 1963-1986.
We found nearly half of cases were peritoneal mesothelioma, which was consistent with the report 20 from the same geographic area. Similar proportion of peritoneal mesotheliomas (62%) was found among mesothelioma patients in the North-American insulators cohort with high levels of exposure to amphibole asbestos. 44 Thus, the amphibole issue deserves further discussion. First, the majority of cases (78%) in our study were certainly exposed in hand-spinning work of asbestos processing factory, where amphiboles were never used for hand-spinning asbestos industry due to technical reasons. 20, 45 Second, the mortality rates for both pleural and peritoneal mesothelioma are close to the estimated background of 1 per million person-years. This figure is very close to the estimated background occurrence of mesothelioma, where pleural and peritoneal mesotheliomas are almost equally rare. From this point of view, findings from this county are not, therefore, unexpected. Consequently, amphiboles should make none contribution to the occurrence of mesothelioma in our study. The high proportion of peritoneal mesothelioma cases in this study could be attributed to below reasons: (i) The diagnostic technology for pleural mesothelioma in this hospital is unsatisfactory, while gynecological department of this hospital is considered as key local institute with good expertise on diagnosis and treatment of peritoneal mesothelioma. (ii) The majority of hand-spinning workers in this county were women, and 94.7% patients with peritoneal mesothelioma were also women. Nevertheless, small case numbers excluded further stratifications to assess the association of chrysotile exposure with risk of peritoneal mesothelioma. Further epidemiological investigations with larger sample size shall be warranted to verify our preliminary finding that women more likely have peritoneal mesothelioma compared to men.
In our study, the majority (80%) of mesothelioma cases were women, which is notably higher than previous study commonly reporting of 13% female cases. 46 However, high proportion of women in Southeastern China commonly engaged in hand-spinning chrysotile at plants or at home. Thus, our study may improve the awareness of increased risk of mesothelioma in women who had occupational exposure to hand-spinning chrysotile. Our study had a number of strengths and limitations. This is the first case-control study investigating the association of hand-spinning chrysotile exposure with risk of malignant mesothelioma in Southeastern China. Additionally, the majority of cases diagnosed with peritoneal mesothelioma in our study were women, providing a unique opportunity to investigate chrysotile exposure mainly in women with risk of mesothelioma. Our study also had several limitations. Major limitation concerns recall bias for the assessment of asbestos exposures. Because of the poor survival of mesothelioma cases, information on asbestos exposure relied on recall of case relatives, who usually reported fewer exposures. 47 Nevertheless, most controls were alive and directly interviewed. Consequently, this may actually reverse the direction of recall bias, as people may be unaware of their relatives' exposure at work. On the other hand, occupational histories of study subjects, obtained at the first interview, were used to assign exposures. Work histories are more robust and less prone to recall bias, compared to self-reported exposure to chemicals. 48 Another limitation is the potential selection bias from control selection, which is common in case-control studies at certain conditions. 49 In this study, the study cases simply come from a hospital-based case-series. The enrollment of cases only at the end of the study period may have introduced some selection bias because of possible migration in the study province during the study period from rural areas where no opportunity for occupational exposure to asbestos existed. On the other hand, as cases had been identified retrospectively, we had clearly no other possibility for selection of controls. In summary, this is the first case-control study investigating the association of chrysotile exposure with risk of malignant mesothelioma in Southeastern China where the majority of cases were women. We found a dose-response relationship of chrysotile exposure probability, intensity and frequency, exposure duration and CEI with risk of mesothelioma. Chrysotile was indeed the only asbestos mineral variety to which most cases were exposed. Our study might add valuable information on health hazards of hand-spinning chrysotile exposure in China where asbestos is still used nationwide. Further investigations on the association of asbestos exposure with risk of mesothelioma are warranted, e.g., including more cases from other hospitals at the county, and verifying the proportion of peritoneal mesothelioma.
